T H E occurrence o f nasal g r a n u l o m a and pulmonary arteritis i n a patient suffering f r o m polyarteritis n o d o s a was described b y Klinger i n 1931. O n t h e basis of his personal experience of 3 similar cases which he described as 'rhinogenic granulomatosis', Wegener (1936 Wegener ( , 1939 concluded t h a t these pathological processes formed a distinct complex which probably represented a unique f o r m o f polyarteritis nodosa. With the appearance of further cases, the definition o f the disease was extended t o include all cases beginning with granulomata o f the respiratory tract rather t h a n limiting it t o those o f nasal origin. G o d m a n a n d C h u r g (1954) described their studies o f 7 cases a n d summarised t h e pathological criteria as 'necrotising granulomatous lesions o f t h e respiratory tract, generalised angiitis a n d necrotising glomerulitis'; the literature w a s reviewed b y F a h e y et a/. (1954) in an associated paper. More recently Walton (1958) described 10 cases a n d collected a further 46 f r o m t h e literature. He drew attention to t h e wide range o f titles used, e.g. ' periarteritis nodosa' (Ringertz, 1947) , 'respiratorenal type o f polyarteritis nodosa' (Ahlstrom et al., 1953) , 'polyarteritis nodosa' (Rose & Spencer, 1957) , 'malignant granuloma' (McCart, 1950) and 'lethal mid-line granuloma' (Williams, 1949 ).
Wegener's granulomatosis presents with symptoms referable to the respiratory tract together with systemic manifestations, terminating finally i n renal failure. Typical radiological changes a r e seen frequently i n the lungs in this condition (Felson & Braunstein, 1958; Walton, 1958; M c G r e g o r & Sandler, 1964) . Appreciation o f this fact a n d o f the natural history o f the disease m a y enable t h e radiologist to suggest t h e correct diagnosis in problem cases referred f r o m various specialist departments. O n c e the possibility o f this syndrome has been raised, the diagnosis m a y be confirmed by microscopical examination of the lesions o f the upper respiratory tract or skin. This seauence occurred in the case described below; the diagnosis was confirmed a t post-mortem.
CASE REPORT
Mrs J. N., aged 66 years, was admitted to the denta ward of the Aberdeen Royal Infirmary on 16th October 1962 for investigation of an ulcerated swelling of the lower gum. This lesion had been present for 3 weeks during which period unusual fatigue, general malaise and recurlent furuncles had also been noted. In addition, routine enquiries revealed that for 3 days preceding admission left basal pleuritic pain and cough occasionally productive of frothy bloodstained sputum had been troublesome. She was febrile and appeared tired and ill. Persistent fine crepitations were heard over the axillary aspect of the left chest but physical examination was otherwise negative. The blood pressure was normal, being 130185 mm.Hg. Investigations at this stage, apart from the X-ray of the chest, were unhelpful. In particular sputum culture showed no pathogens. There was no abnormality of the urine and the blood urea was normal at 29 mg. per cent. There was a mild normochromic anaemia, the haemoglobin being 8 2 per cent. The total and differential white cell counts were normal, there being no eosinophilia. Serological studies were not performed.
X-ray of the chest showed an old fibrotic lesion at the left apex. There was a large opacity in the region of the left hilum; a lateral view localised this lesion to the left lower lobe, slightly below and posterior to the hilum (Figs. 1 & 2). Tomographic examination showed that it consisted of a dense circumscribed oval mass and also demonstrated a further small nodular mass in the anterior segment of the left upper lobe ( Fig. 3) . Radiographs of the paranasal sinuses were not obtained.
The fever continued and the patient became more listless and drowsy. Repeat radiographic examination of the chest after 1 week showed that the appearances were unchanged. A diagnosis of Wegener's granulomatosis was suggested on the basis of the chest radiographs and the appearances of the alveolar biopsy. This had revealed a sloughing ulcer with a base composed of necrotic debris containing numerous polymorphonuclear leucocytes and several large giant cells which appeared similar to foreign body giant cells (Figs. 4 & 5) .
Ten days after admission prednisone was started in a dose of 5 mg. twice daily, rising to 2 0 mg. twice daily; the patient became afebrile. Three days later, however, the ulceration of the mouth became much more extensive and the nose filled with bloodstained crusts. A pleural rub developed. Blood blisters of hard induration was present in the apex of the lower lobe of the left lung and a smaller lesion was present in the upper lobe. The spleen showed areas of ~nfarction and 6 areas of haemorrhagic infarction were present in the jejunum. Numerous scars were present on both surfaces of the kidneys. There were no other notable abnormalities.
Histological examination of the lesion in the lung showed a mixed picture-areas of fibrosis alternating with granulomatous and necrotic lesions. The granulomatous foci were composed of proliferating fibroblasts, many histiocytes and numerous large multinucleated giant cells. Some small vessels were seen which showed evidence of healed and subacute arteritis. Several small bronchi showed mucosal ulceration and the areas of necrosis were more notable in relation to these ( Fig. 6 ). Histological examination of the spleen showed areas of old infarction with thrombi in small vessels-the site of old arteritis. Sections of the jejunum revealed small areas of haemorrhagic infaition with arteritis and thrombosis in corresponding mesenteric vessels (Fig. 7) . The significant renal lesions were again the arteritis together with foci of necrosis in the glomerular tufts and capillary thrombosis ( Fig. 8 ). Blood vessels in skeletal muscle were not examined. 
DISCUSSION

Clinical features
Wegener's granulomatosis affects males and females, most commonly in the fourth and fifth decades. The illness is almost invariably fatal, usually in a matter of weeks or months, rarely after two or more years. The patient An oro-antral fistula may result. Stomatitis, parotitis and otitis may also occur. Even in the early stages constitutional symptoms are relatively severe and there is considerable fatigueand weight loss. Anaemia, leucocytosis and an elevated sedimentation rate are generally present. Involvement of other organs results in a wide variety of symptoms referable to the heart, the joints, the nervous system, the gastro-intestinal and genital tracts. Renal involvement occurs sooner or later, although hypertension is uncommon. Albuminuria is soon followed by haematuria and urinary casts. These signs herald renal insufficiency which can prove fatal within 14 days. Widespread haemorrhagic lesions of skin and mucous membranes may be noted, usually in the terminal stages of the illness.
Antibiotic therapy is of value in limiting secondary infection only. According to Walton (1958) , radiotherapy has proved useful in promoting healing of the initial lesion and this view is supported by Mcrrill (1961) . In Walton'e opinion, steroids are best reserved for the widespread form of the disease.
Radiological findings
Chest. It is almost invariable to find pulmonary changes in this condition. Both Fahey et al. (1954) and Walton (1958) found this in 95 per cent of cases. The most common finding is of single or multiple areas of consolidation, often rounded and sharply defined, measuring from 0.5 cm. to 10 cm. in diameter. Cavitation may occur; when present, it is often slight in proportion to the main mass of the lesion. Rounded intrapulmonary shadows were present in 57.5 per cent of the 56 cases analysed by Walton (1958) . Descriptions of the radiological changes are less precise in the earlier reports and it is quite likely that their frequency is even greater than the above figures indicate, since the localised infiltrate referred to by some authors might have been identified as a nodular mass had lateral chest radiographs and tomography been added. It is realised that the general conditioil of the patient may have precluded a more intensive radiological approach in some cases. Walton (1958) considered that bronchopneumonia was responsible for the pulmonary opacities in a further 25 per cent of cases. More rarely, other pulmonary changes have been noted, e.g. 'batwing oedema' (Stratton et al., 1953) , 'interstitial fibrosis' (Lindsay et al., 1944) , or 'hazy opacity compatible with polyarteritis nodosa' (Case 36381, Case Records of Massachusetts General Hospital, 1950).
Diferential diagnosis. Pulmonary nodulation is characteristic, but not pathognomonic, of Wegener's granulomatosis. At first sight the radiological appearances of single or multiple rounded lung lesions might suggest a diagnosis of primary bronchial neoplasm, secondary neoplasm or even one of the reticuloses, since the nature of the clinical presentation may well resemble a malignant process. The specific granulomas might also be considered, but there are many other diseases which can produce nodular intrapulmonary lesions and some additional clinical evidence must be forthcoming before a firm diagnosis is possible. When these findings are associated with a bizarre and unidentified clinical pattern, however, a diagnosis of Wegener's granulomatosis should be borne in mind by the radiologist.
At this point it is of interest to compare the radiological changes in polyarteritis nodosa and Wegener's granulomatosis. The characteristic appearances in the primary phase of polyarteritis nodosa are those of fluctuating linear shadows, small nodular lesions, or small patchy areas of ill-defined opacijy (Kerley, 1962) ; this picture is rarely seen in Wegener's granulomatosis. On the other hand, the large rounded lung shadows which are extremely common in Wegener's granulomatosis are seldom found in polyarteritis nodosa; pulmonary infarction is probably responsible for these opacities in the latter condition (Rogers & Roberto, 1956 ) since extravascular granulomata are not a feature of classical polyarteritis nodosa (Fahey et al., 1954) . When pronounced lung changes do occur in polyarteritis nodosa, they are secondary to cardiac decompensation (Doub et al., 1954; Strickland, 1955) and the presence of an enlarged heart would favour this diagnosis. On the rare occasions when Wegener's granulomatosis presents as 'interstitial fibrosis', 'batwing oedema' or 'hazy opacity', radiological distinction from polyarteritis nodosa will be impossible.
Upper respiratory tract. Walton (1958) found sinus opacity to be present in 18 out of 21, i.e. 85 per cent of cases examined. According to Geist and Mullen (1953) , lethal granuloma is characterised first by a unilateral nasal mass of soft tissue density; opacity of the frontal, maxillary and ethmoid sinuses on the affected side is due, at least initially, to secondary infection. With progression of the disease, bony destruction becomes apparent, first in the turbinates, the perpendicular plate of the ethmoid or the medial wall of the maxillary antrum. Similar appearances are produced by neoplasms arising in the nasal cavity, lachrymal apparatus or cthmoid cells. The picture differs from a tumour arising in the maxillary antrum, however, in that the latter generally invades the lateral and/or the inferior walls of the antrum in addition to the medial wall.
It has been pointed out by Felson and Braunstein (1958) that tomography may occasionally be of value in demonstrating involvement of the larynx and trachea.
Other radiological findings. In the patient reported by Geist and Mullcn (1953) , which seems likely to be a case of Wegener's granulomatosis, a barium follow-through examination was carried out. Multiple dilated oedematous loops of small bowel were seen, the appearances being regarded as similar to those observed in mesenteric thrombosis, sprue or passive congestion. At autopsy, the small intestine was found to be one of many organs involved in a diffuse necrotising arteritis.
Pathology
The authors share the opinion of Godman and Churg (1954) that the 3 essential criteria for the diagnosis of this disease are (I) necrotising granulomata of the upper and/or lower respiratory tract, (2) generalised focal vasculitis invariably involving the lungs, but also present in other sites, and (3) necrotising glomerulitis.
Apart from these 3 specific criteria, the pathognomonic histological findings in Wegener's granulomatosis are alternating zones of ulceration, necrosis and granulomatous lesions in which peculiar giant cells are invariably found, together with evidence of active or healed arteritis. This picture is invariably present in the pulmonary lesions. Necrotising glomerulitis is also a co~lstant finding. While vascular involvement in other organs is variable or indeed sometimes absent, the spleen shows evidence of past or present arterial lesions in most cases.
Although the histo-pathological diagnosis from one of the nasal or oral lesions may prove difficult by reason of the presence of sloughing ulceration, the appearanccs of an i~~cluded vessel in the biopsy specimen should suggest the diagnosis and this can be substantiated by needle biopsy of the kidney.
Aetiology
Fahey ct at. (1954) stated that Wegencr's granulomatosis closely rcsemblcs, clinically and pathologically, several other uncommon aseases 'which run in a spectrum from pure rlccl orising and granulomatous processes w~thout vasculitis through mixed forms to pure arteritis without granulomas.' In consequence, Wegener's granulomatosis must be distinguished from the spccific infectious granulomatous diseases, sarcoidosis involving blood vcssels, polyarteritis nodosa and cascs of 'allergic angiitis' described by Churg and Strauss (1951) . In this connexion it is important to understand what is meant by the term 'polyartei-itis nodosa'. Rose and Spencer (1957) in their treatise on polyarteritis nodosa divided their cases into two groups according to the presence or absence of pulmonary involvement. Cases falling into the first group give a history of respiratory illness.
Histological examination of the lungs shows the presence of necrotic parenchymal and vascular lesions; the vessels affected are usually small and comnlonly contain giant cell granulomata. This group thus includes Wegener's granulon~atosis and cases of 'allergic angiitis' (Churg & Strauss, 1951) , the features of eosinophilia with a less severe involvement of the respiratory tract being more in favour of the latter syndrome. The second group of cases described by Rose and Spencer (1957) resemble the classical polyarteritis nodosa of earlier authors. In these cases granulomatous lesions are rare; the pulmonary vessels are not involved and there is no association with a respiratory illness. It follows that the features which distinguish Wegener's granulomatosis from polyarteritis nodosa are (I) extravascular granulomata are not a feature of classical polyarteritis nodosa ; (2) hypertension is rare in Wegener's granulomatosis but common in polyarteritis nodosa; and (3) extensive ulceration of the respiratory tract has never been observed in polyarteritis nodosa (Aubin et a/., 1958) .
Some cases of the condition described as 'malignant granuloma of the nose' (Woods, The aetiology of Wegener's Granulomatosis is unknown. There would seem to be two phases in the development of the condition. Ulceration of the upper and lower respiratory tract occurs as the primary lesion, widespread lesions being a later development. The latter can be explained on the basis of hypersensitivity. Generalised vascular and granulomatous lesions have been noted in certain infectious processes (Helpern & Trubeck, 1933 ; Contratto, 1947; Bohrod, 1948) , serum sickness (Clark & Kaplan, 1937) and drug reactions (O'Brien & Storey, 1954) , and have also been produced experimentaly (Rich & Gregory, 1943) . Although Wegener (1936 Wegener ( , 1939 believed that the initial lesion was due to infection, a specific noxious agent has never been identified. It is possible, therefore, that the disease is a manifestation of a severe allergic reaction nhich is centred initially on the respiratory tract. 1921) or '~ogressive lethal granulomatous ulceration of the nose' (Stewart, 1933 ) are Wegener.s granulonlatosis is a syndrome due to Wegener's granulecharacterised by necrotising granulornata of matOsis (Godman & Churg7 1954;  the respiratory tract. generalised angiitis and 1958; Waltoll, 1958)9 but the exact proportion necrotising glomerulitis. ~t generzlly presents is difficult to asses? since the early workm did as severe sinusitis or pneumonitis associated regard the former as a a clinical state polyarteritis disease. In other cases described by Williams nodosa, terminating in renal failure.
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